SUMMARY: Seasonal experimental trawl surveys were carried out in the Northern Aegean and Thracian seas (NE Mediterranean, Greece), from summer 1990 to autumn 1993, during which a total of 172 fish species were caught. In these areas, fishing pressure is very high, since approximately 50% of the Greek otter trawl fleet operates there, producing more than 57% of the total demersal landings. Different statistics were used to assess spatial structure, seasonal changes and diversity of the demersal fish assemblages on the continental shelf and upper slope. The following measures were applied to the species abundance matrix: species diversity, species richness, evenness and dominance. The analysis of 501 bottom trawls revealed that, in general, species diversity, richness and evenness decreased with water depth, with the highest values at depths <100 m, whereas dominance increased with depth, with its maximum at depths >200 m. The effect of depth on the diversity patterns observed was always significant, while seasonal trends were similar with those described for the overall diversity characteristics in each area. Classification and ordination methods showed the existence of 4 groups associated with the continental shelf and upper slope in each area. Classification of the top ranking species at each group and area revealed that commercially important species were dominant in the shallowest zone (<30 m), while non-commercial species predominated at depths below 200 m. At intermediate depths (30-200 m) almost 50% of the total catches were composed of non-commercially important fish species. However, since most species had a wide distribution range these differences were rather quantitative than qualitative. The results indicated that although spatial changes in abundance could be detected, temporal changes were not obvious. Environmental variability and overexploitation, as well as differences in species' life-history strategies, have both influenced the structure of the demersal fish assemblages found along the depth gradient studied.
INTRODUCTION
Information on soft-bottom fish assemblages is particularly scarce in the Eastern Mediterranean region where demersal fish are heavily exploited as principal targets or as by-catch. In Greek waters demersal fishes of the continental shelf and slope are subjected to an intensive fishery carried out by trawl, gillnet and longline fleets. The gillnets and longlines catch a small number of species, whereas the trawl fleet exploits a multi-species fishery targeting several demersal and benthic species. The results of experimental trawl fishing in the Greek seas indicated that commercially important demersal and inshore stocks suffer from gross overfishing. As a result, commercial catches consist mainly of young immature individuals and a variety of non-commercial species that are discarded.
Changes in species composition with depth on continental shelf and slope have been well established for many areas (e.g. Haedrich et al., 1980; Carney et al., 1983; Abelló et al., 1988; Hecker, 1990; Cartes and Sardá, 1993; Koslow, 1993; Smale et al., 1993; Cartes et al., 1994; Sardá et al., 1994; Gordon et al., 1995; Fariña et al., 1997a) . Both physical and biological factors have been discussed as causes of faunal zonation with depth. Hydrographic conditions, the steepness of the continental slope, and substrate type are among the major physical factors considered. Resource availability, predator-prey relationships and interspecific competition are the most important biological factors reported. Most studies have examined megafaunal assemblages, while, only recently, studies of fish community structure have focused on patterns of spatial and temporal variation in composition, abundance and distribution of demersal fish assemblages of the continental shelf and slope at several latitudes (Markle et al., 1988; Bianchi, 1991 Bianchi, , 1992a Bianchi, , 1992b Fujita et al., 1995; Fariña et al., 1997b; García et al., 1998; Moranta et al., 1998; Labropoulou and Papaconstantinou, 2000) . Recent work has demonstrated changes in species composition and size structure of demersal fish communities in response to fishing (Haedrich and Barnes, 1997; Sainsbury et al., 1997; Zwanenburg, 2000) . It appears that a key challenge is to incorporate ecosystem objectives within fisheries management including measurable indicators such as ecosystem diversity, species diversity and ecologically depended species .
In the present study, trawl catch data obtained seasonally, in 3 successive years (summer 1990-autumn 1993) from the north Aegean Sea, that has historically been at the highest levels of fishing pressure in the NE Mediterranean, were analysed to investigate the structure of the demersal fish community. Comparison of assemblages from similar ecosystems in different areas might reveal general trends in the community dynamics of the Mediterranean.
MATERIAL AND METHODS

Study area and sampling procedure
The North Aegean Sea is an almost rectangular basin, separated from the South Aegean by the Cyclades islands archipelago, and is typically an oligotrophic sea. However, almost 70% of the total Greek catches are derived from the North Aegean Sea, due to intense exploitation by different fishing gears: pelagic and bottom trawls, purse-seines and nets (Papaconstantinou and Farrugio, 2000) . Approximately 50% of the Greek otter trawl fleet operates in the North Aegean sea (Northern Aegean and Thracian seas), producing more than 57% of the total demersal landings (NSSG 1990 (NSSG -1999 .
A total of 501 hauls were taken during sixteen experimental bottom trawl survey cruises on a seasonal basis from standard depth stations between 16-500 m (Fig. 1) . Specifically, 215 hauls were taken in the Northern Aegean Sea between summer 1990 and spring 1992 and 286 in the Thracian Sea from fall 1991 to winter 1993. Sampling stations were selected randomly with depth-stratification. The otter trawl used (foot-rope length: 65.7 m, headline height: 1.5 m) was equipped with a cod-end bag liner of 16 mm stretched mesh. Samples were col-lected during daylight between 0800 and 1700 hours. The duration of each trawl (bottom time) was 30-60 min and the trawling speed fluctuated from 2.5 to 3.0 knots depending on the depth and the nature of the substrate. The catch from each haul was sorted and identified to species level, and each species was enumerated and weighed separately on board. A part of the catch was frozen or preserved in formalin for later study. Since all hauls were carried out using a commercial trawl vessel and the same fishing gear it was assumed that gear selectivity was constant.
Data analysis
Species abundances were calculated for each haul after standardization of the data to a 1-hour tow, making it possible to allow comparisons between sampling stations. Those species regarded as markedly pelagic in behaviour were excluded from the analyses, since they had not been quantitatively sampled. To identify zonation patterns cluster analysis was applied to the species abundance matrix.
Cluster analysis (group average), employing the Bray-Curtis similarity index (Field et al., 1982) , was applied to the standardized abundance values of the species using the PRIMER algorithms (Plymouth Marine Laboratory). In order to normalize the data and avoid skew, a square root transformation was applied to the abundance data prior to cluster analysis (Field et al., 1982) . Multidimensional scaling (MDS) ordination analysis was also performed with the same configuration as in cluster analysis with respect to similarity index and transformation. The typifying and discriminating species of the cluster of stations were determined using the SIMPER procedure (Clarke, 1993) . This procedure indicates the average contribution (% Cum.) of each species to the similarity (typifying species) and dissimilarity (discriminating species) between groups of samples. Variation in species relative abundance was also examined by using the graphical representations of species cumulative frequency distributions (k-dominance curves, Lambshead et al., 1983) . Relative abundance of demersal species was superimposed using the ABC method of Warwick (1986) to pro- vide information on the size of the most dominant species. The ecological parameters of abundance, number of species (S), species diversity, Shannon-Wiener index (Hurlbert, 1978) : species richness (Margalef, 1968): evenness (Pielou 1966): and dominance, Simpson's index (Krebs 1989): were calculated for each of the station-groups defined by cluster analysis, where p i = proportion of total sample belonging to ith species, N = the number of individuals of the entire sample and H max = log(S). Furthermore, analysis of variance was used to determine how these attributes changed with water depth, and the a posteriori Tukey's test was employed to locate the source of any differences. Before using parametric tests, the assumptions of normality and homoscedasticity were tested and when these assumptions failed, the data were log (x+1)-transformed (Sokal and Rohlf, 1981; Zar, 1984) . All statistical inferences were based on the 0.05 significance level.
RESULTS
Overall catch
A total of 172 demersal fish species belonging to 61 families were collected from 501 trawls. In the Northern Aegean Sea, 136 species were found over the continental shelf (<200 m), while the upper slope assemblage consisted of 109 species. In the Thracian Sea, 150 species occurred at depths less than 200 m, as were 81 in the bathymetric range of 200-500 m. A feature of the presence-dominance structure of the demersal fish communities in the study area was the occurrence of a relatively small group of species that were common and abundant. Fifteen species dominated depths <200 m (83.81% of the overall catch), while 10 (79.05%) dominated the upper slope in the Northern Aegean Sea. In the Thracian Sea 23 species were most abundant on the continental shelf (89.02% of the overall catches), as were 12 at depths below 200 m (97.36%). The remaining species made up a rather small proportion of the catches.
Depth patterns in species composition
Classification and ordination of the trawl catch data for each area in terms of species abundance revealed the existence of four groups associated with the continental shelf and the upper slope (Figs. 2a, 3a) . Groups I and II consisted entirely of samples taken from the shallow stations of the continental shelf (<100 m) in the Northern Aegean and Thracian seas respectively, while deeper stations on the shelf for each area (100-200 m) were subsequently classified in group III. All stations from the upper slope for each area were classified in group IV. Dendrograms indicated a high degree of similarity between samples corresponding to each group (Table 1) , suggesting well-defined spatial differences in species composition for each area. Furthermore, the MDS stress values were <0.09 in all cases verifying that the plots adequately represented the segregation of samples between groups (Figs. 2b, 3b). There did not appear to be any significant pattern of seasonal variation in composition of the catches for any of the station-groups resulting from this analysis.
A relatively small number of species contributed most to the similarity of each group and area, but their relative abundances varied between adjacent groups (i.e. groups I-II, groups III-IV; Table 1 ). Examination of the species that dominated in each group and contributed highly to the similarity indicates that most of the species presented a wide distribution range, implying that species differences between each group are quantitative rather than qualitative. Commercially important species were dominant in the shallowest zone (group I, <30 m), while non-commercial species predominated at depths below 200 m. At intermediate depths (30-200 m) almost 50% of the total catches consisted of noncommercially important fish species.
Analysis of similarity (ANOSIM) revealed that in each area the demersal fish assemblage of the shelf differed in structure from the assemblage of the upper slope (in all cases R>0.89, p<0.001). However, it did not detect any significant differences between seasonal samples, suggesting that the abundance, distribution and association patterns of the species remained the same in time, for each area under study.
Community dominance
Differentiation between station-groups in each area was evident by the graphical descriptors (kdominance curves), for numerical abundance (Fig.  4) . Stations corresponding to groups II and III revealed more diversified and less dominated communities than those from the upper slope (group IV). The shallowest stations (group I) had an intermediate position in the Thracian Sea, while the curves were steeper and more elevated for group IV, suggesting that depths below 200 m were dominated by fewer species. The apparently high dominance curve for the shallowest stations (group I) of the North Aegean Sea reflects the dominance of Mullus barbatus, corresponding to the 62% of the total catch. Pairwise k-dominance curve comparisons between groups were significant in both areas, while the pairwise R values, which give an absolute measure of how separated the groups are, in all cases were >0.75, suggesting that the groups were well separated ( 
Patterns in abundance and species diversity with depth
Significant differences in mean species abundance and diversity indices existed between the four depth zones for each area (Table 3 ). The highest values of these parameters were found in samples from the continental shelf (30-100 m, group II) and decreased significantly for those from the upper slope. The reverse was true for dominance that increased significantly with depth with maximal values at depths >200 m, except for the Northern Aegean Sea, which was dominated by M. barbatus at shallow depths (25-32 m). However, ecological parameters appeared to be more or less uniform at depths between 30-195 m (i.e., groups II and III), since differences were not significant with a Tukey HSD test.
DISCUSSION
Four distinctive demersal fish assemblages were clearly associated with the topography of the study areas. The three continental shelf assemblages exhibit greater abundance and contain species of larger size and commercial interest such as: The main determining feature associated with the structure of the demersal fish assemblages is depth, as it reflects the changes from continental shelf to continental slope. However, other bottom and oceanographic characteristics play a role, at least for structuring assemblages on the continental shelf between the two areas.
Several factors appear to contribute to this geographical differentiation. These include the gradient in eutrophy, fresh/brackish water runoff, temperature and salinity differences along a NNW to SSE axis, and differences in the extent and the bottom type of the continental shelf. Similarly, in other studies covering wide geographical areas differentiated assemblages, associated in general with environmental variability, were described (Bianchi, 1991 (Bianchi, , 1992a Fariña et al., 1997b) . Nevertheless, the most important quantitative boundary for all areas was located around 200 m, a depth separating the species of the continental shelf from those of the upper slope extending down to 500 m. These results are in agreement with the findings of Snelgrove and Haedrich (1985) , who stated that deep assemblages tend to have a much broader depth range than do COMMUNITY STRUCTURE AND DIVERSITY OF DEMERSAL FISHES 223 Groups  II  III  IV  II  III shallow assemblages. At this depth species richness, abundance and biomass decline markedly. Below 200 m, some factors of the benthic environment were remarkably stable. Sediment structure consisted of a dominant silt-clay fraction and temperature above these sediments was constant. This may be the major reason for the high degree of similarity among the species composition of the upper slope in the Northern Aegean and Thracian seas. However, it should also be mentioned that although trawling activity in Greek waters extends to depths down to 500 m, trawlers operate more intensively in the fishing grounds of the continental shelf. Shifts in the abundance and occurrence of demersal fish species were associated with a depth gradient, even though the species were found over relatively broad depth ranges in each of the study areas. Abundances of species varied significantly with depth, but whenever the depth ranges of these species overlapped, the depth of maximum abundance changed. Brown (1984) suggested that for ecologically similar species, those that attain the highest local population densities also tend to occur in a greater proportion of sampling sites and tend to have a wider spatial distribution. Hecker (1990) concluded that the changes in species composition between different megafaunal assemblages are due to the substitution of the dominant and subdominant species throughout the depth gradient by a continuous faunistic turnover. Other studies have also found depth-related trends in megabenthic faunas distribution, but patterns of depth gradients may be either zonation (Abelló et al., 1988; Cartes and Sardá, 1993; Fariña et al., 1997a) or a continuous replacement of species (Haedrich et al., 1980; Snelgrove and Haedrich, 1985; Fariña et al., 1997b; Moranta et al., 1998) .
The observed pattern of gradual species replacement along the depth gradient is primarily based on the ontogenetic habitat shifts for some of the species and indicates that habitat selection may be based on the interaction between density-dependent food resources and density-independent environmental factors. Fish in the inshore zone tend to undertake an ontogenetic migration into deeper waters (Macpherson and Duarte, 1991; Warburton and Blaber, 1992; Blaber et al., 1995) . Caddy (1993) hypothesized an offshore movement of older fish in several demersal species (e.g., sea breams, common pandora, mullets, etc.), possibly contributing to the continuing good recruitment in many areas, as well as to stock recovery. The preponderance of the positive size-depth relationships in fish species may reflect a fundamental aspect of fish life history (Cushing, 1975) . The occurrence of smaller, younger individuals in shallower water and the movement towards deeper waters during ontogeny must involve a substantial advantage. It has been suggested that, by migrating to deeper waters, the adults could benefit from a reduced basal metabolic rate and increased life expectancy at lower temperature (Macpherson and Duarte, 1991) .
Overall in the Greek seas 447 fish species belonging to 129 families have been reported (Papaconstantinou, 1988) . Thus, the number of species recorded in the present study represents 38.5 % of the total marine ichthyofauna in Greece. In general, species composition is similar to that reported in other studies from the Mediterranean, but some differences in the relative abundance and dominance of several species become apparent between the different areas (Fariña et al., 1997b; D'Onghia et al., 1998; Moranta et al., 1998; Ungaro et al., 1998) . However, species composition differs over the areas and depths examined. High species richness and diversity characterized the continental shelf, but both variables decreased markedly with depth, while the reverse was true for species dominance. On the other hand, evenness did not change with depth, indicating little variability in the numerical codominance of species over the depth range examined. The disparities in these general trends for group I in each area may be attributable to the more variable environments in shallow coastal waters. The k-dominance analysis suggested that the spatial trend in diversity and dominance was a strong feature of the species assemblages under study, with dominance being the highest in group IV. Bianchi et al. (2000) , who investigated whether changes in diversity and dominance could be related to fishing, concluded that the largest changes in diversity appeared to be due to changes in evenness or species richness, or both, often leading to an increase in diversity in response to heavy exploitation.
Community classifications should take temporal persistence into account. However, most studies of the zonation of demersal fish fail to consider temporal variation (Markle et al., 1988; Bianchi, 1991; 1992a,b; Moranta et al., 1998) . In the present study, multivariate analyses did not detect any annual changes in the overall structure of the assemblages in each area. Furthermore, results suggest that changes in the assemblages' composition are weakly associated with seasonal changes. Therefore the demersal fish communities persisted over time and species rankings also remained constant, at least for our cruise dates. The apparent lack of seasonality has also been observed in other studies on fish assemblages (i.e. May and Blaber, 1989; Wright, 1989; Wantiez et al., 1996; Ungaro et al., 1998) . Nonetheless, it should be noted that in order to detect temporal changes in groundfish assemblages, the length of the time series must be considered. Some inferences are possible only with long term data series. For example, in a study lasting from 1978 to 1991 on the Newfoundland continental shelf, Gomes et al. (1995) found that even though stock sizes had been declining steadily, changes in species assemblages could be detected only after several years of decline.
Regardless of the actual balance between biotic and abiotic factors in determining the demersal fish assemblages, the occurrence of relatively homogeneous areas of species composition has relevance to multispecies management. Mixed catches within the area of a given assemblage offer a redundancy in terms of species composition and relative abundances. Such information can be of value in dealing with by-catch and provide general guidelines for overall rational planning and management (Gomes et al., 1992) .
The overall structure of the demersal fish communities studied here stresses once more the multispecies character of the Greek fisheries and Mediterranean fisheries in general. Management should take into account this diversity, since fishing activities in these areas are not species selective. Despite the enforcement of regulations for demersal and inshore fisheries in Greek waters (i.e. closed seasons and areas, limited issue of licenses, minimum legal landing size and mesh size regulations), the fishing effort in the Northern Aegean and Thracian seas is very high. Besides, although closed seasons and areas can be effective in restricting fishing mortality on particular life stages, such a measure may lead to an increase in mortality beyond that prior to the application of the measure if catches are high outside the closed seasons and areas. Additionally we can consider the possibility that in certain periods, effort may be directed in an alternative and major way towards one or another target species, depending on the level of catch obtained at that time and market demands and in consequence of the respective strength of recruitment in each species (Oliver, 1993; Goñi et al., 1999) .
Studies in other areas, based on extended time series during which major increases in fishing effort took place, indicate that fishing led to a decrease in catches and to increases in non-commercial species (Overholtz and Tyler, 1985; Rothschild, 1992) . Furthermore, there is evidence that the size structure of demersal fish communities is affected by fishing. The overall trend is one of a reduction in large fish and a relative increase in small fish (Bianchi et al., 2000; Zwanenburg, 2000) . In the present study, the fish assemblages under consideration have suffered a long history of fishery exploitation. Therefore overfishing has affected the population structures and densities of the demersal fish communities, at least at depths up to 200 m, where most of the fishing activity is focused. It is possible that the organization of the demersal fish assemblages analysed are determined to a great extent by an unidirectional trend induced by fishing, bottom topography and oceanographic features of the study areas.
